Enhanced recovery pathways for total hip and knee arthroplasty can reduce length of hospital stay and perioperative morbidity. 22 studies were reviewed for identification of perioperative care interventions, including preoperative (n=4), intra-operative (n=8), and postoperative (n=4) care interventions. Factors that improve outcomes included use of pre-emptive and multimodal analgesia regimens to reduce opioid consumption, identification of patients with poor nutritional status and provision of supplements preoperatively to improve wound healing and reduce length of hospital stay, use of warming systems and tranexamic acid, avoidance of drains to reduce operative blood loss and subsequent transfusion, and early ambulation with pharmacological and mechanical prophylaxis to reduce venous thromboembolism and to speed recovery.
introduction
Total hip arthroplasty (THA) and total knee arthroplasty (TKA) provoke a physiological stress response, 1 which induces a pro-inflammatory cascade of events that may lead to postoperative complications and prolonged convalescence, rehabilitation, and recovery. This extended healing process is multifactorial and includes biological, psychological, and social factors. 2 To minimise the physiological and psychological insult of an elective THA or TKA, a combination of pre-, intra-, and post-operative care interventions can promote a wellness model of care, avoid unnecessary medicalisation of a patient, and improve patient knowledge for their active involvement in perioperative care. This standardised perioperative care pathway is known as enhanced recovery (ER). acute arthroplasty, or minimally invasive surgery. Additional perioperative care interventions were retrieved from recommended guidelines and also from our own ER protocols for bariatric and colonic surgery. 3, 4 results 22 studies were reviewed for identification of perioperative care interventions including preoperative (n=4), intra-operative (n=8), and postoperative (n=4) care interventions. The strength of evidence for perioperative care interventions was subjectively grouped into 'strong', 'good', 'unclear', or 'none' (Table 1) .
Preoperative care
Education Information given in a timely, culturally sensitive manner with appropriate support is associated with a reduction in anxiety, length of hospital stay, and pain in the immediate postoperative period. 6, 14, 19 Preoperative education is important in managing patient expectations. 6, [8] [9] [10] [11] [12] 14, 17, 19, 20, 23, 24, 26 It details the perioperative care plan, goal setting, and expectation management, including an aim for the discharge date. Preoperative education can be in the form of a group or a one-to-one session with nurse specialists. The mode of preoperative education delivery appears to be less important. 29 More than 50% of patients demonstrate significantly higher expectations of postoperative pain relief, function, and well-being 
Prehabilitation
Patient's health is optimised through physical exercise to be more resilient to the physiological stress induced by surgery. 32 Improved preoperative functional capacity may improve patient outcomes and negate certain postoperative interventions. 32 However, a systematic review of 12 studies (737 patients) reported no beneficial effects of preoperative exercise on postoperative functional recovery. 33 This was limited by heterogeneity of the studies and low therapeutic validity of the exercises prescribed.
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Premedication
Postoperative pain correlates strongly with slower rehabilitation progression and prolonged hospitalisation. 6, 7 Pre-emptive analgesics include gabapentin and cyclooxygenase-2 selective nonsteroidal anti-inflammatory drugs (NSAIDs). In a meta-analysis, preoperative NSAIDs failed to significantly decrease pain scores postoperatively, although overall analgesic consumption was reduced. 34 In animal studies, cyclooxygenase-2 selective NSAIDs had detrimental effects on bone healing. 35 However, in 2 randomised, placebocontrolled trials, perioperative cyclooxygenase-2 selective NSAIDs appeared to be safe and improved pain and function in TKA. 36, 37 Gabapentin reduces pain and opioid consumption 38 Postoperative nausea and vomiting hinders postoperative recovery by delaying early feeding and mobilisation, and affects 40% to 46% of patients undergoing THA and TKA. 6, 24 Its cause is multifactorial and arises from a combination of anaesthetic agents, hypovolaemia, anaemia, and opioid use. Dexamethasone can be used to reduce postoperative nausea and vomiting. Glucocorticoids, as antiemetics, can inhibit prostaglandin and/ or endogenous opioid synthesis. 39 However, of the 22 studies reviewed, only 3 used preoperative intravenous dexamethasone 4 to 10 mg, with one giving 10 mg the night prior to surgery. 6, 19, 20 A single dose of dexamethasone 40 mg given before THA has no deleterious effects on function and complications (infection and osteonecrosis of the contralateral hip) in the medium to long term (one year). 39 Patients receiving dexamethasone have superior dynamic hip pain scores than those receiving placebo. 40 Preoperative dexamethasone plus pregabalin significantly reduces the incidence of postoperative nausea and vomiting, compared with pregabalin alone.
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Nutrition
Poor nutritional status affects postoperative recovery. Low serum transferrin levels preoperatively are associated with delayed wound healing. 42 The Malnutrition Universal Screening Tool is used to identify at-risk patients by measuring body mass index and weight loss in the preceding 6 months. 43 To optimise nutritional status, oral nutrition supplements are given to complement patients' diets with foods rich in both macronutrients and micronutrients. Moderate-to high-risk patients should be assessed by a dietician prior to THA and TKA.
Intra-operative care
Prophylactic antibiotics Prophylactic antibiotics reduce the risk of periprosthetic infection. [44] [45] [46] The American Academy of Orthopaedic Surgeons recommends administration of appropriate antibiotics within one hour prior to skin incision. 47 Of 1922 THA patients from 11 hospitals, 50 (2.6%) developed deep or superficial infection; those at highest risk of infection were those who received antibiotics after incision, had an American Society of Anaesthesiologists score of >2, and had longer operative time.
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Temperature Reduction in core body temperature is associated with a higher risk of blood loss and transfusion rates in THA patients. 49 Hypothermia increases the risk for wound infection, delayed wound healing, and prolonged hospitalisation. 50, 51 Warming blankets can be used to prevent heat loss.
Surgical approach
The medial parapatellar approach is the most common Mean LOS: 3.6 (accelerated rehabilitation) vs. 6.6 (control) days. A multidisciplinary approach with modifications in the surgical and anaesthetic technique can safely reduce LOS in TKA.
• Mobilise on day of surgery (unclear)
• Intensive rehabilitation (>8 hours/day) [good]
Mean LOS: 4.4 (accelerated rehabilitation) vs. 8.8 (control) days. Most LOS reduction is attributed to new nurse-led organisation, information day, and early and more aggressive mobilisation.
• Same-day mobilisation (unclear) Mean LOS: 4.8 (ER) vs. 8.5 (control) days. Significant cost savings by reduction in LOS. Tranexamic acid reduces need for allogenic blood transfusion.
• Same-day physiotherapy session once anaesthesia worn off (none)
• Multimodal, opioid-sparing analgesic regimen (good)
• Chemoprophylaxis: clexane (unclear)
Mean LOS: 47 (fast track) vs. 116 (control) hours. Identifying significant ER pathways can improve patient outcomes.
• Same-day mobilisation (unclear)
• Aggressive rehabilitation (good)
• Chemoprophylaxis: warfarin for 6 weeks (unclear)
• Multimodal analgesic regimen (good)
Mean LOS: 1.65 (accelerated rehabilitation) vs. 3.54 (control) days. Only combination of all interventions yields early recovery.
• Same-day mobilisation (good) for TKA, but the necessary breach of the quadriceps tendon contributes to difficult rehabilitation. For TKA, minimally invasive surgery minimises the incision length and quadriceps injury, 52 and thus improves postoperative pain, blood loss, length of hospital stay, and short-term range of movement. 53 Nonetheless, minimally invasive surgery is associated with higher malalignment rates and therefore subsequent revision. 53 For THA, minimally invasive surgery through the anterior approach hastens recovery because it avoids muscle damage and reduces the risk of dislocation, but the learning curve for this approach is steep. 54 However, the benefits of minimally invasive surgery may be attributed to the ER pathways and careful patient selection.
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Anaesthesia ER protocols vary in the use of anaesthesia. 6, 9, 13, [18] [19] [20] 27 According to the Procedure Specific Postoperative Pain Management working group, for TKA, general anaesthesia combined with femoral nerve block or spinal anaesthesia with local anaesthetic and spinal morphine is recommended. 55 For total joint arthroplasty, epidural analgesia results in significantly less pain in the first 6 hours (but not after that) than other analgesic modalities. 56 Compared with systemic analgesia, epidural analgesia results in higher rates of postoperative urinary retention, hypotension, and itchiness. 56 The choice of anaesthetic modality should take into consideration the health status of the patient, and safety should be a priority over analgesia.
Intravenous fluid
During abdominal surgery, both restrictive and liberal fluid therapies improve the rate of complications. 57, 58 Postoperative nausea and vomiting and hypercoagulability reduce significantly in patients with liberal (mean, 4250 ml) than restrictive (mean, 1740 ml) administration of fluid. 59 Administration of intravenous fluid is a goal-directed therapy to reduce complications and mortality by maintaining adequate oxygen delivery. 60 Goal-directed therapy significantly reduces complications after THA (p=0.05). 60 Total mean perioperative fluid was greater in patients receiving goal-directed therapy than in controls (6032 ml vs. 2635 ml). 60 Therefore, more liberal administration of intravenous fluid in selected patients reduces rates of postoperative nausea and vomiting and hypotension. 59, 60 Blood loss prevention Anaemia and hypovolaemia, combined with excessive opioid use, may induce unnecessary postoperative nausea and vomiting, dizziness, and orthostatic hypotension. Antifibrinolytics, such as tranexamic acid, can reduce perioperative blood loss in elective joint arthroplasty. 19, 20, [61] [62] [63] [64] [65] Tranexamic acid inhibits clot breakdown by reversibly binding both plasminogen and plasmin, preventing cleaving of fibrin and maintaining clot architecture. 66 When tranexamic acid (10-150 mg/kg) is used during THA and TKA, perioperative blood loss is significantly reduced, as is the need for allogenic blood transfusion, [67] [68] [69] but the rates of venous thromboembolism are similar to those for controls. 66 There is no significant difference in rates of venous thromboembolism within 90 days among different postoperative chemical prophylaxis types, ranging from 0.14% to 0.52% for deep vein thrombosis and 0.17 to 0.43% for pulmonary embolism.
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Surgical drains
Surgical drains can prevent development of wound haematoma and infection, and can improve range of movement. Coagulated blood, as in haematoma, is a prime medium for bacterial growth and hence infection. A closed drainage system should be avoided in ER as it promotes blood loss and subsequent need for blood transfusion, and is not associated with a decrease in rates of infection. 70 Clamping of drains for 3 hours twice in the first postoperative day results in significantly less blood loss in the first 48 hours and reduced the need blood transfusion by 2.2 times compared with no clamping. 71 This may be a suitable alternative if surgeons' preferences are to use surgical drains.
Periarticular anaesthetic infiltration
Postoperative pain impairs patient mobility and results in excessive analgesic use and prolonged hospitalisation. Of the 22 ER studies, 5 used periarticular local anaesthetic as part of the analgesia regimen. 7, 13, 20, 24, 27 Immediately prior to skin closure, high-volume (up to 120 ml) local anaesthetic is infiltrated into the wound and surrounding tissue to reduce postoperative pain and analgesic need. In a multimodal, opioid-sparing regimen, local anaesthesia for the initial 6 to 12 postoperative hours is recommended for TKA but not THA. 72 For TKA, a mixture of high-dose ropivacaine with adrenaline and ketorolac is the most effective local anesthetic. 73 The addition of a compression bandage also relieves pain in the first 8 hours after TKA. Slow-release local anaesthetics that act over longer periods are also evaluated.
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Postoperative care
Early mobilisation Early mobilisation (within 24 hours) is recommended for perioperative care. 6, 7, 9, [11] [12] [13] [14] [15] 17, 19, 20, 24, 26, 27 It is a positive predictor for shorter hospital stay, fewer postoperative complications, and lower costs, 75 and is associated with reduced rates of deep vein thrombosis and pulmonary embolism.
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Rehabilitation
Rehabilitation is restoration of functions through interventions such as aggressive physiotherapy. 79 Early rehabilitation correlates with improved outcomes. 75 Early (postoperative day 1 or 2) progressive strength training is safe and improves knee extension strength and maximal walking speed. 80 Nonetheless, when physiotherapy is inadequate (low intensity and late application), it has only a moderate effect on short-to moderate-term functional outcomes. [81] [82] [83] Further research is needed to determine the appropriate intensity, frequency, and modality of physiotherapy.
Venous thromboembolism prophylaxis
Venous thromboembolism can cause severe morbidity and prolonged convalescence. Early mobilisation reduces the rates of venous thromboembolism. 76, 77 The American Academy of Orthopaedic Surgeons and the American College Chest of Physicians recommend the use of combined mechanical and chemical prophylaxis in patients with low risk of bleeding and venous thromboembolic disease. 78, 84 Mechanical measures include early mobilisation, intermittent pneumatic compression devices, and thromboembolic deterrent stockings. Aspirin combined with compression devices is equivalent to other pharmacological agents. 85 Patients who receive venous thromboembolic prophylaxis are less likely to experience venous thromboembolism than those who do not. 86 Direct factor Xa inhibitors are a relatively new family of anticoagulants; they are taken orally and do not require ongoing monitoring.
Postoperative multimodal analgesia
Opioids are very effective in controlling postoperative pain, but may result in nausea, vomiting, urinary retention, reduced gastrointestinal motility, and severe respiratory depression. 3, 4 Cautious use of opioids is recommended. 3, 4 Gabapentinoids reduce opioid-related adverse effects including postoperative nausea and vomiting and urinary retention. 87, 88 discussion ER pathways vary considerably owing to surgeon, institutional, and regional differences. In this review, the strength of evidence to support perioperative care was moderate, and an ER protocol for THA and TKA was designed ( Table 1 ). The impact of combining all perioperative care is greater, but the contribution of each intervention to clinical outcomes is unknown. Small changes in multiple areas make it difficult to determine which change most or least contributes to patient recovery. 20, 24, 27 Improvement in patient outcomes and reduction in length of hospital stay can be attributed to modifications in surgical and anaesthetic techniques 13 or nurse-led organisational changes and early aggressive mobilisation and rehabilitation. 89 Both organisational and clinical changes are required to achieve ER, but organisational modification is less likely to reduce postoperative pain, nausea, vomiting, postural hypotension, and dizziness to enable early mobilisation and rehabilitation. Pain, dizziness, and general weakness after THA and TKA are the main reasons for hospitalisation in the first 48 hours, whereas nausea and vomiting, sedation, and confusion delayed hospital discharge. 90 Attenuating the surgical stress response and counter-balancing the effects of anaesthetic techniques enable early rehabilitation and thus earlier safer discharge. Active engagement of multiple disciplines, both medical and allied health, is important. Responsibility of care has shifted from the surgeon to a consort of multidisciplinary experts along the perioperative pathway. Each pathway should reflect the principles of ER (wellness model of care, demedicalisation, and standardisation).
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